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Abstract 
Background: Heroin addiction is a growing concern, affecting the socioeconomic development of many countries. 
Little is known about transgenerational effects on phenotype changes due to heroin addiction. This study aims to 
investigate changes in level of anxiety and aggression up to four different generations of adult male rats due to pater-
nal exposure to heroin.
Methods: Male Sprague–Dawley rats were exposed with heroin intraperitoneally (i.p.) twice-daily for 14 days 
with increasing dosage regimen (F0-heroin). Male Sprague–Dawley rats (6-weeks-old) were divided into: (1) heroin 
exposed group (F0-heroin) and (2) control group treated with saline solution (F0-control). The dosage regime started 
with the lowest dose of 3 mg/kg per day of heroin followed by 1.5 mg/kg increments per day to a final dose of 
13.5 mg/kg per day. Offspring were weaned on postnatal day 21. The adult male offspring from each generation were 
then mated with female-naïve rats after 2 weeks of heroin absence. Open field test and elevated plus maze test were 
used to study the anxiety level, whereas resident intruder test was used to evaluate aggression level in the addicted 
male rats and their offspring.
Results: Heroin exposure in male rats had resulted in smaller sizes of the litters compared to the control. We 
observed a higher anxiety level in the F1 and F2 progenies sired by the heroin exposed rats (F0) as compared to the 
control rats. Paternal heroin exposure also caused significantly more aggressive offspring in F1 compared to the con-
trol. The same pattern was also observed in the F2.
Conclusion: Our results demonstrated that the progenies of F1 and F2 sustained higher levels of anxiety and aggres-
sion which are due to paternal heroin exposure.
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Background
Substance abuse and addiction is one of the serious pub-
lic health concerns around the world. As reported by The 
World Drug Report [1], the global prevalence of opiates 
abusers is 16.5 million worldwide. In Malaysia, heroin is 
the most abused drugs with a percentage of 64.84 % and 
males constitute the biggest percentage of abusers each 
year [2].
The impact of various psychoactive substances on 
aggressive behavior had been studied previously, due to 
the documented rise in drug abusers involved in crime. 
Several drug related factors may contribute to this occur-
rence, e.g. pharmacological effects of the drug, sub-
stance-induced psychological or biological changes, and 
withdrawal effects [3]. Occasional use of opiates results 
in pleasure and euphoria [4, 5]. However, chronic expo-
sure to heroin leads to complex changes in mood and 
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after effects i.e. elevated aggression [6] and heightened 
pain sensitivity [7].
Over the last few decades, there have been several stud-
ies of how parental drug abuse may affect their progenies. 
While most of these studies focused on susceptibility to 
drug use, others have looked into behavioral, molecular 
and physiological changes in the offspring. Among them 
were studies looking at the impact of maternal opioid 
use on fetal development [8–10]. These studies docu-
mented long term consequences on fetal cognitive func-
tion including gender-specific modifications in specific 
emotional and social behaviors [11, 12]. Byrnes et al. [11] 
has also demonstrated an upregulation of dopamine and 
opioid-related genes in both mother and child, indicat-
ing transgenerational epigenetic effect. A delayed onset 
of puberty was observed in adolescent male rats exposed 
to morphine [13]. Mating between the male rats treated 
with heroin and naïve female rats resulted in smaller lit-
ter size. Upon maturation to the adult stage, the offspring 
displayed significant alteration in endocrine parameters, 
including gender specific changes in the adrenal weights, 
luteinizing hormone, and hypothalamic b-endorphin 
[14].
This study aims to examine the effects of paternal expo-
sure to heroin on anxiety and aggression in the offsprings 
up to three generations (first generation—F1, second 
generation—F2 and third generation—F3).
Methods
Animals
A total of 64 male and 48 female Sprague–Dawley rats 
weighing 130–150 g were used. For F0, rats were divided 
into two experimental groups, with eight rats per group 
(heroin and control (saline) group). Rats were allowed 
to acclimatize for 2  weeks prior to experimental proce-
dure and were placed in individual cages. Throughout the 
experiment, rats were maintained in a temperature and 
humidity controlled environment (24  °C ±  3.55 ±  1  %) 
in a 12:12 h light: dark cycle (lights on at 7:00 a.m.) and 
were given fresh water and standard rat chow ad libitum. 
All experiments were performed in accordance with the 
guidelines and approval from the Animal Ethics Commit-
tee of Universiti Teknologi MARA (UiTM) (46/2014).
Drug preparation
Heroin hydrochloride was obtained from LIPOMED 
(Switzerland). Heroin of 1 mg/ml concentration was pre-
pared daily before injection by dissolving in 0.9 % normal 
saline heated to 40–50 °C.
Heroin exposure
Intraperitoneal injections with heroin were given to 
F0-heroin (F0-H) rats twice daily at 9:00 a.m. and 6:00 
p.m., with a 27 gauge 1/2 inch (12  mm) needle for 14 
consecutive days. A dose of 3 mg/kg on the first day and 
then increasing by 1.5  mg/kg per day to a final dose of 
13.5  mg/kg per day were administered to the rats [15]. 
Escalating dose regimen was adopted in order to mimic 
the different phases of addiction in human. The control 
rats were injected with the same amount of saline.
Breeding
F0 rats were mated with heroin-naïve female rats at 
2  weeks post heroin regime (Fig.  1). Withdrawal symp-
toms were observed during the 2-week period and female 
rats were introduced as withdrawal symptoms cease. 
Behavioral tests were then conducted on the rats before 
they were euthanized on week 11. Male pups were reared 
by their biological mothers and weaned on postnatal 
day 21. One male rat was randomly selected from each 
mother for behavioral testing, and was placed in individ-
ual cages each (n = 8). After the F1 rats reached sexual 
maturation, they were then mated with heroin-naïve 
female rats to produce F2 (Fig.  2). Behavioral testing 
commenced at 10  weeks of age. These procedures were 
then repeated in F2. F2 offspring (F3) were then tested 
with behavior tests at the age of 10 weeks (Fig. 3). All ani-
mals were raised in a similar and controlled environment 
across all generations.
Behavior testing
Elevated plus maze (EPM) apparatus
The elevated plus maze was constructed of wood and 
consisted of two open arms, OA (50 × 10 cm) and closed 
arms, CA (50  ×  10  ×  40  cm) set in a plus shape. The 
maze was elevated 50  cm from the floor with an open 
roof. The activities of the rats were recorded by an over-
head camera attached on the ceiling and scoring was ana-
lyzed using ANY-maze Video Tracking System software 
(ANY-maze, Stoelting Co.). The test started with the 
rats being placed at the center region, facing the OA and 
were allowed to explore the maze for 5 min. The number 
of entries to the OA (the percentage of the total number 
of arm entries) and the total time spent in these arms of 
the maze were taken as an anxiety index (the higher the 
index, the lower the anxiety). To measure locomotion, 
the total number of entries for each arm was taken. An 
entry was counted when the four paws of the rats were 
placed in the arms. The maze was cleaned with 70 % eth-
anol between each trial.
Open field (OF) apparatus
To further analyze the anxiety behavior, the animals 
were tested in the OF for 5 min. The test was carried out 
in an arena (50 ×  50 ×  30  cm) divided into 25 squares 
(10 × 10 cm). Each of the rats was placed in the center 
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and was allowed to explore the arena for 5 min and the 
time spent in the center of the arena was recorded. After 
5 min, the rat was then returned to its home cage and the 
open field was cleaned with 70 % ethyl alcohol and per-
mitted to dry between tests.
Resident‑intruder test
In this test, the resident male rats were housed in obser-
vation cages (80  ×  55  ×  50  cm) with a female rat as 
companion for a week before the test begins to facilitate 
territorial behavior. As territoriality is based on the pres-
ence of olfactory cues, the bedding of the cage was not 
changed during the week prior to testing. An hour before 
the test started, the companion female was removed. New 
male rat (intruder) was then introduced into the resident 
rat’s cage and the test was started. The resident’s reaction, 
i.e. non-social activities (attention, rear, sniff, walk, and 
body care), social activities (approach, follow, walk away, 
social sniff, genital sniff, and mount), and aggression (tail 
swish, lateral threat, bite, and clinch/fight), towards the 
intruder rat was recorded over 10 min. After the test was 
completed, the intruder rat was removed and the male 
resident was reunited with its female companion.
Statistical analysis
Data are presented as mean ± SEM normal distribution 
was tested using Kolmogorov–Smirnov test. The data 
were compared between groups in the same generation 
using student’s t test. One-way ANOVA followed by Dun-
nett’s or Tukey’s post hoc tests were used for comparison 
within group for the variables studied in the behavioral 
test. Statistical significance were set at p < 0.05. Statistical 
parameters were determined using SPSS 20.0 (IBM Cor-
poration, Armonk, NY, USA).
Results
Effects of paternal heroin exposure on litter size and body 
weight of first and second generation pups
The effects of paternal heroin exposure in F0 were appar-
ent in the mean litter size of the first generation (Table 1). 
Number of offspring in heroin exposed male rat was sig-
nificantly fewer than that of control group (p  =  0.001, 
95  % CI 3.07, 8.18). However, this pattern was not 
observed in second and third generations of the heroin 
exposed rats.
Effects of paternal heroin exposure on behavior of rats 
in the elevated plus‑maze (EPM)
As depicted in Fig. 4a, heroin exposure in F0 resulted in 
a significantly lower percentage of the open arms entries 
(p = 0.001, 95 % CI 22.99, 66.1), which indicates anxiety 
effect of heroin withdrawal. In addition, heroin exposed 
rats spent shorter time in the open arm of the EPM 
(p = 0.001, 95 % CI 6.90, 15.5). A similar effect was found 
in the percentage of entries into the open arm of the 
maze in the first generation offspring of heroin exposed 
Fig. 1 A schematic representation of the experimental regimen for F0. After acclimatization rats were subjected to heroin administration for 
2 weeks. The rats were then mated with naïve female rats before the anxiety and aggression test started at week 10
Fig. 2 A schematic representation of the experimental regimen for F1 and F2. After acclimatization, rats were mated with naïve female rats at week 
8 before being tested with anxiety and aggression at week 10
Fig. 3 A schematic representation of the experimental regimen for F3. After acclimatization, rats were being tested with anxiety and aggression at 
week 10
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rats (F1-Heroin) compared to the offspring of vehicle-
treated group (p = 0.001, 95 % CI 32.87, 60.52). Consist-
ent with these results, rats of the F1-Heroin had a lower 
percentage of time spent in the open arms of the maze 
in Fig. 4b when compared to offsprings of control group 
(F1-control) (p =  0.001, 95 % CI 49.05, 69.41). Interest-
ingly, the second generation (F2) of the male addicted 
rats exhibit similar pattern with the first generation with 
a lower OA entries in F2-heroin (p  =  0.001, 95  % CI 
3.38, 10.41) as compared to control. However, the time 
spent in the OA was not significant in the F2 generation 
(p = 0.216, 95 % CI −0.92, 3.54). The difference between 
mean OA entries (%) and time spent in OA (%) in heroin 
and control group in F3 generation, on the other hand, 
was not statistically significant.
Effects of paternal heroin exposure which were inves-
tigated using elevated plus maze (EPM) test indicated 
no significant differences for the open arms (CA) entries 
between the heroin exposed rats with its offspring 
(One-way ANOVA, p  >  0.001). However, a significant 
Table 1 Average number of offspring for four generations 
of the experimental group
This table represents the mean pups count per litter at postnatal day 21 (PND21) 
and postnatal day 90 (PND90)
* Statistically significant difference of p < 0.05 as compared to the control group
Generations Average number of offspring
Control Heroin
F0 11 ± 0.44 6 ± 1.04*
F1 11 ± 0.48 12 ± 0.32
F2 10 ± 0.29 10 ± 0.39
F3 11 ± 0.27 10 ± 0.33
Fig. 4 Percentage of entries (a) and percentage of time spent in the open arms (b) of the elevated plus maze. Values are mean ± SEM. #Statistically 
significant difference compared to the control group (p < 0.05)
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difference was seen between the heroin exposed rats and 
its third generation (F3). This shows that the behavior 
pattern was passed down only to F1 and F2 but not to its 
subsequent generation.
Effects of paternal exposure of heroin on the percentage 
of time spent and entries into the central zone of arena 
in the open field (OF) test
Number of entries into the central zone and percentage 
of time spent in the central zone are presented in Fig. 5. 
Heroin exposed rats showed statistically significant 
decrease (p =  0.001, 95  % CI 4.15, 7.85) in the number 
of entries into the central area compared to the control 
group (Fig.  5a). In addition, the offspring of F0-heroin 
rats exhibited significantly lower entries into the cen-
tral area (p =  0.01, 95 % CI 1.27, 7.72), as compared to 
F1-control. Furthermore, a statistically significant differ-
ence was also observed between the second generations 
of the heroin exposed rats and control rats (F2-heroin 
and F2-control) in the number of entries in the center 
of the OF (p =  0.017, 95  % CI 0.26, 2.23). This pattern 
however was not seen in F3 generation, which showed no 
statistically significant difference between F3-heroin and 
F3-control in both parameters measured.
Percentage of time spent in the center of OF is depicted 
in Fig.  5b. F0-heroin rats spent less time in the center 
zone as compared to F0-C during withdrawal phase 
(p =  0.001, 95  % CI 31.51, 35.31). Interestingly, F1-her-
oin also exhibited significantly shorter time spent in the 
center of OF than the F1-control (p  =  0.001, 95  % CI 
31.04, 34.29). In contrast, no statistical differences were 
found on the time spent by rats in the central square 
between F2-heroin and F2-control (p  =  0.39, 95  % CI 
−2.29, 0.96). Both groups of the F3 generation exhibited 
no significant differences, indicating that the anxiety pat-
tern has normalized towards control.
Fig. 5 Number of entries in the center (a) and percentage of time spent in the center (b) in the open field test. Values are mean ± SEM. *Statistically 
significant difference compared to the control group (p < 0.05)
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It was found that anxiety behavior between the 
F0-heroin and F1-heroin groups were similar (post hoc, 
p  >  0.005), implicating that transgenerational anxiety 
effects from the paternal to the descendants sustained 
over two generations.
Effects of paternal exposure of heroin in resident intruder 
(RI) test
Long-term behavioral effects of exposure to heroin in 
the first generation (F0) were then evaluated. Table  2 
shows behavior phenotypes that were observed in this 
study: non-social activities, social activities, and aggres-
sive behavior. Heroin exposed rats exhibited a pattern 
of pathological aggression as shown in tail swish, lateral 
threat, bite, and clinch/bite behavior during adulthood in 
RI test (p < 0.005). In non-social parameters, significant 
differences were exhibited in attention, rear, and body 
care behavior with heroin exposed male rats displaying 
higher frequency of these behaviors (p < 0.05). In social 
parameters, significant differences between the heroin 
exposed rats and control rats were displayed in approach, 
walk away, and social sniff (p < 0.05). In addition, in the 
aggression parameter, F0-heroin and F0-control exhib-
ited a significantly difference in all of the parameters 
observed (p  <  0.05), with F0-heroin displayed a higher 
frequency displaying the behaviors.
It was then further evaluated whether the next gen-
eration would also be affected by the previously heroin 
exposed father. Rats in the second generation (F1-heroin) 
showed higher frequency in non-social and social activity 
than the controls. In addition, the F1-Heroin also exhib-
ited an increase in aggression parameters observed. This 
behavioral pattern was also observed in the third genera-
tion, F2-Heroin. However, in F3 generation, lower aggres-
sion behavior was observed.
As shown in Table 3, F0-heroin rats not only attack its 
intruder frequently, but also showing longer duration 
of attack towards the intruder and made a significantly 
longer time in clinch and fight. This pattern was exhib-
ited by F1-heroin and F2-heroin. However, F3-heroin 
displayed a shorter time of attack towards the intruder, 
almost similar to F3-control.
Discussion
Drug abuse is an increasing societal burden. While it 
has been well documented that maternal opioids abuse 
during pregnancy results in detrimental effects in the 
offspring, less is understood about the contribution of 
paternal drug abuse on the next generation. The present 
study focused on paternal effects of heroin exposure dur-
ing adolescence towards progenies i.e. F1, F2, and F3 
generations.
Table 2 Behavioral observations from resident intruder test showing the mean for each group
Data are given as mean frequencies. Student’s t test: the asterisk means statistically significant difference compared to control rats (p < 0.05)
Behavior Frequency
F0‑C F0‑H F1‑C F1‑H F2‑C F2‑H F3‑C F3‑H
Non-social activity
 Attention 30.62 24.83* 30.06 24.17* 30.50 24.17* 29.31 27.41
 Rear 0.62 5.75* 0.87 5.5* 1.57 5.71* 0.88 1.31
 Sniff 23.0 20.87 22.87 21 23.13 19.87 20.11 20.72
 Walk 22.50 22.25 22.87 21.62 22.37 21.87 23.3 22.92
 Body care 1.25 4.87* 1.37 5.1* 1.50 5.12* 2.31 6.22*
Social activities
 Approach 8.50 20.37* 7.5 21.62* 8.25 21.0* 9.22 15.51*
 Follow 1.87 1.62 2.37 1.28* 4.0 2.25* 2.35 3.42
 Walk away 2.50 10.12* 2.50 9.87* 2.62 0.62 3.16 4.26
 Social sniff 23.25 39.62* 23.0 40.50* 23.0 28.12 23.16 27.17*
 Genital sniff 8.62 9.87 8.75 10.50 7.37 10.62* 8.65 8.88
 Mount 0.63 1.37 0.63 1.50 0.75 0.87 0.71 0.91
Aggression
 Tail swish 0.75 3.75* 1.25 4.12* 1.25 3.87* 0.65 1.31
 Lateral threat 0.37 3.62* 0.63 3.63* 0.37 3.62* 0.39 0.61
 Bite 2.37 9.25* 2.37 9.50* 2.87 9.12* 2.73 5.28*
 Clinch/fight 1.25 7.5* 1.50 7.50* 1.62 2.50 1.45 3.32*
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The results of the present study demonstrated that her-
oin exposure produced adverse effect on the litter sizes 
(F1) as compared to saline administered group. The lit-
ter sizes of heroin treated rats were significantly lower 
than in control group (mean pup = 10). Our results were 
similar to other studies on fetal effects of opiate and 
other toxicants administration that caused abnormalities 
in their offspring such as decreased in the size of litters 
and lost in weight [14, 16–18]. Upon entering the human 
body, heroin is metabolized into 6-acetylmorphine (6-a. 
m.) and morphine, which will then be converted to mor-
phine-3-glucuronide and morphine-6-glucuronide [19]. 
One of the possibilities that may leads to this paternal 
effects is that morphine may act directly as a mutagen on 
sperms, but the mechanisms of action has yet to be deter-
mined. In addition, the viability of sperms might also be 
affected after exposure to heroin [20]. Accumulation of 
the mu opioid receptors as well as endogenous expres-
sion of beta-endorphin in the male reproductive tract 
proposed that paternal gametes are receptive to endog-
enous and exogenous opioids [21]. μ-, κ-, and ∆ opioid 
receptors are present in oocytes, most likely for mediat-
ing oocyte maturation [22]. Hence, the presence of opioid 
receptors on gametes not only maintains proper func-
tions and development, but may lead to transgenerational 
inheritance [23]. Several previous studies have demon-
strated that drug abusing behavior could lead to subtle 
mutations in the sperms [16, 24–26]. Furthermore, it has 
been determined previously that drugs and other toxi-
cants will accumulate in the semen and some may even 
bind to receptors on the sperms [27–30]. These studies 
suggested that abused substances may cause alterations 
in sperms thus influencing the development of the off-
spring, or transported to the ova via the seminal fluid, or 
by directly binding to the sperms and then affecting the 
development of the conceptus.
Research has shown that prenatal exposure to drugs of 
abuse can have long-term effects on the behavior of off-
spring [31]. Most of the previous studies focused on the 
impact of exposure of mothers to opioids such as heroin, 
morphine, and codeine during pregnancy, and its possi-
ble effects on prenatal opioid exposed offspring [32–34]. 
Other studies on congenital deficiencies, behavioral dis-
orders, learning and memory impairment in offspring of 
addicted fathers have also been reported [11, 35]. This 
current study provides additional information that high-
lights the impact of heroin exposure of the father up to 
four generations of the offspring in terms of anxiety and 
aggressive behavior. OF and EPM are commonly used to 
measure anxiety-related behaviors in laboratory rodents. 
In EPM, anxiety-like behaviors are characterized by a 
lower frequency of entries and also shorter time spent in 
the open arms. To further validate the anxiety behavior, 
rats were then tested in the OF test. In OF, the anxiety 
Table 3 Duration of the ethological measures
Durations taken for the behavioral observations from resident intruder test showing the mean for each group. Student’s t test: the asterisk means statistically 
significant different from control rats (p < 0.05)
Behavior Duration (s)
F0‑C F0‑H F1‑C F1‑H F2‑C F2‑H F3‑C F3‑H
Non-social activity
 Attention 86.75 72.00 85.50 68.75* 86.75 68.75 71.83 70.05
 Rear 1.63 7.13* 1.50 7.13* 1.31 7.00 5.79 6.22
 Sniff 70.00 42.13* 69.00 41.88* 68.25 39.88 45.25 42.41
 Walk 39.50 32.13 39.13 31.35 39.13 34.63 34.86 34.54
 Body care 2.46 19.13* 1.51 19.20* 2.39 19.63* 16.05 17.57
Social activities
 App 9.00 20.13* 10.06 20.15* 9.50 20.00* 18.13 19.08
 Follow 1.47 1.38 1.66 1.53 2.06 1.75 1.97 2.07
 Walk away 1.94 12.56* 2.30 12.71* 2.51 2.47 10.70 11.64
 Social sniff 88.63 161.38* 94.63 162.13* 86.88 78.88 144.94 150.52*
 Genital sniff 29.13 48.50* 30.50 49.46* 29.75 52.00* 47.60 49.80
 Mount 1.49 3.50 1.49 3.40 1.49 1.51 1.75 1.63
Aggression
 Tail swish 0.61 5.23* 0.94 5.43* 1.00 5.29* 4.60 5.03
 Lateral threat 0.56 3.13* 0.93 3.08 0.31 3.17* 2.53 2.73
 Bite 2.81 8.74* 2.45 8.25* 2.59 7.41 6.41 6.71
 Clinch/fight 0.88 23.00* 1.21 23.00* 0.96 23.75* 19.14 21.14
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behavior is characterized by a lower percentage of entries 
and shorter time spent in the center zone of the arena. 
Our results indicated that heroin addicted male rats 
were more anxious in both the OF box and EPM tasks 
which are in accordance with other studies using female 
addicted rats [11, 33]. Repeated heroin use leads to 
changes in the anatomy and physiology of the brain, con-
sequently affecting the abilities in decision making, self-
regulation behavior and response to stressful situations 
(Drug Policy Alliance, 2016). Additionally, it could lead 
to significant levels of tolerance and physical depend-
ence. In this study, anxiety behavior in heroin induced 
male rats and its male progenies were increased as com-
pared to the control rats. The offspring of the heroin 
exposed fathers displayed differences in several measures 
of behavioral tasks that look into anxiety level during the 
EPM and OF tests. Higher entries in the closed arms that 
were observed in the present study were also reported 
by Ahmadalipour et  al. [36] using morphine induced 
female rats. We have further evaluated the anxiety level 
of the second generation of male heroin addicted rats. 
F2-heroin exhibited a statistically significant lower per-
centage of entries in the open arm of the EPM compared 
to F2-control. Interestingly, there was no significant dif-
ference in time spent in the OA between the two groups. 
The same pattern was also seen in the OF test. This indi-
cates the rats of the F2-Heroin have an increase in explor-
atory behavior in the novel environment that has been 
introduced, despite the lower entries in the open arms 
and open arena. Notably, the anxiety levels in the third 
generation were reduced as compared to their father.
Anxiety is generally believed to be associated with 
aggressive behavior [37]. Thus, we evaluated whether 
there is an association between aggression and anxiety-
like behavior in an animal model. The current findings 
demonstrate significant transgenerational effects of male 
rats addicted with heroin in the RI test. Heroin addicted 
rats are more aggressive than the controls in the RI test 
with a significant difference on several parameters that 
measures aggression i.e. tail swish, lateral threat, bite 
and clinch. These effects occurred in the absence of any 
direct exposure to heroin, and provide evidence that its 
administration may give psychological impacts on the 
addicts. From a pharmacological perspective, aggres-
sive behavior can be escalated either by low acute heroin 
doses or during withdrawal from prolonged administra-
tion to repeated high heroin doses, presumably based on 
separate neural mechanisms. Interestingly, the male off-
spring of the heroin exposed rats displayed more aggres-
sive responses towards the intruders when compared 
with the age-matched offspring of saline administered 
rats. This can be suggested as transgenerational effects 
of adolescent drug use, even in the absence of continued 
use. This pattern can also be observed in the F2 genera-
tion but certain behaviors were not significantly different 
with the F2-control. However, the F3 generation of the 
heroin administered rats displayed a much lower aggres-
sive response as compared to the previous generations.
Interestingly, rats that displayed heightened anxiety-
like behavior exhibited higher aggression level, as indi-
cated by the reduced time spent in the open arms of the 
EPM test as well as decreased ambulatory activities in 
the OF test. The mechanisms of heroin exposure towards 
the evolutionary phase of the gestational period and off-
spring’s anxiety and aggression level remains unknown 
and needs further investigation. Many drugs including 
morphine may be mutagenic which often cause a minor 
but significant change in the physiological parameters, 
behaviors and neuroendocrine parameters [38].
In previous studies, possible effects of addicted father 
towards children were less considered. Thus, the results 
of this current study can be one of the supporting data 
highlighting the effects of heroin addicted fathers on chil-
dren. It can be postulated that epigenetic mechanisms 
could be involved in transgenerational effects of heroin 
exposed paternal rats.
Epigenetic factors such as histone modifications (e.g. 
acetylation) have been implicated in the behavior of 
addiction [39]. In some instances, histone modifica-
tions alter the accessibility of DNA, hence affecting 
gene expression. DNA methylation (the addition of a 
methyl group to cytosine nucleotides, converting them 
to 5-methylcytosine) is another epigenetic process that 
has been shown to be involved in modulating behavior in 
response to substance abuse. For example, DNA methyla-
tion as well as histone acetylation represent key factors in 
regulating the BDNF gene, which encodes brain-derived 
neurotrophic factor (BDNF), a protein that is involved in 
numerous neurological conditions such as schizophre-
nia, depression, epilepsy, Alzheimer’s disease, obesity and 
drug addiction at many stages of development [40].
As yet, no study has tracked the epigenetic effects on 
behavior of descendants of heroin abused fathers through 
the generations. Research is underway to examine the 
epigenetic influences on longstanding aggression behav-
ior as a result of transgenerational substance abuse.
Conclusions
The idea that maternal heroin abuse can impact pheno-
type of subsequent generations is not new. Data from 
our studies however, highlighted the effects of pater-
nal heroin exposure on progenies. Our findings have 
shown that heroin exposure can affect the levels of anxi-
ety and aggression in the F0 generation. Of note, these 
effects were also observed in both the first (F1) and 
second (F2) generations, suggesting multigenerational 
Page 9 of 10Farah Naquiah et al. Behav Brain Funct  (2016) 12:23 
and transgenerational effects triggered by adolescent 
exposure to heroin. Further investigations by our group 
are currently under way to understand the mechanisms 
involved in these observed effect.
Abbreviations
°C: degree celcius; a.m.: ante meridiem; ANOVA: analysis of variance; EPM: 
elevated plus maze; F0: first generation; F1: second generation (offspring of 
F0); F2: third generation (offspring of F1); F3: fourth generation (offspring of 
F2); g: gram; h: hour; kg: kilogram; ml: mililiter; mg: miligram; OF: open field; 
PND: postnatal day; RI: resident intruder; S.E.M: standard error mean.
Authors’ contributions
MZFN carried out the animal behavioral studies and drafted the manuscript. 
LSL and MIMH participated in the animal behavioral experiments. SS helped 
in the data analysis of the animal behavioral studies and in drafting the manu-
script. RJJ participated in the design and coordination of the study and helped 
to draft the manuscript. MZS helped to draft the manuscript. LKT conceived of 
the study, served as principal investigator throughout its execution and helped 
to draft the manuscript. All authors read and approved the final manuscript.
Author details
1 Integrative Pharmacogenomics Institute (iPROMISE), Level 7, FF3, Universiti 
Teknologi MARA Selangor, Puncak Alam Campus, 42300 Bandar Puncak Alam, 
Selangor, Malaysia. 2 Faculty of Pharmacy, Universiti Teknologi MARA Selangor, 
Puncak Alam Campus, 42300 Bandar Puncak Alam, Selangor, Malaysia. 3 Com-
parative Medicine and Technology Unit, Institute Bioscience, Universiti Putra 
Malaysia, 43400 Serdang, Selangor, Malaysia. 
Acknowledgements
This study was supported by a grant from the Ministry of Higher Education 
Malaysia (600-RMI/ERGS 5/3 (35/2013). The authors thank the staffs in the 
Laboratory Animal Facility and Management unit for excellent care of the 
animals and husbandry advice. Special thanks to members of iPROMISE for the 
technical support.
Competing interests
The authors declare that they have no competing interests.
Availability of data and material
All data generated or analysed during this study are included in this published 
article. The raw datasets will be made available from the corresponding author 
on reasonable request.
Ethics approval and consent to participate
All experiments were performed in accordance with the guidelines and 
approval from the Animal Ethics Committee of Universiti Teknologi MARA 
(UiTM) (46/2014). This research does not involve human participants, human 
data or human tissue, thus human ethics approval and consent to participate 
are not applicable.
Funding
This study was supported by a grant from the Ministry of Higher Education 
Malaysia (600-RMI/ERGS 5/3 (35/2013). The funder is not involved in the 
design of the study and collection, analysis, and interpretation of data and in 
writing the manuscript.
Received: 20 April 2016   Accepted: 13 August 2016
References
 1. World Drug Report 2015. United Nations Office on drugs and crimes. 
2015.
 2. Malaysian National Anti-drug Agency. http://www.adk.gov.my/web/eng-
lish/. Accessed 28 Jan 2016.
 3. Hoaken PNS, Stewart SH, Sherry H. Drugs of abuse and the elicitation of 
human aggressive behavior. Addict Behav. 2003;28(9):1533–54.
 4. Heroin facts. http://www.drugpolicy.org/drug-facts/heroin-facts 
Accessed 28 Jan 2016.
 5. NIDA InfoFacts: heroin. http://www.drugabuse.gov/publications/drug-
facts/heroin. Accessed 28 Jan 2016.
 6. Tidey JW, Miczek KA. Heightened aggressive behavior during mor-
phine withdrawal: effects of d-amphetamine. Psychopharmacology. 
1992;107:297–302.
 7. Miczek KA, Weerts EM, DeBold JF. Alcohol, benzodiazepine-GABAA recep-
tor complex and aggression: ethological analysis of individual differences 
in rodents and primates. J Stud Alcohol. 1993;Suppl 11:170–9.
 8. Hutchings DE. Methadone and heroin during pregnancy: a review of 
behavioral effects in human and animal offspring. Neurobehav Toxicol 
Teratol. 1982;4(4):429–34.
 9. Malanga CJ 3rd, Kosofsky BE. Mechanisms of action of drugs of abuse on 
the developing fetal brain. Clin Perinatol. 1999;26(1):17–37.
 10. Vathy I. Prenatal opiate exposure: long-term CNS consequences 
in the stress system of the offspring. Psychoneuroendocrinology. 
2002;27(1):273–83.
 11. Byrnes JJ, Babb JA, Scanlan VF, Byrnes EM. Adolescent opioid exposure in 
female rats: transgenerational effects on morphine analgesia and anxiety-
like behavior in adult offspring. Behav Brain Res. 2011;218:200–5.
 12. Johnson NL, Carini L, Schenk ME, Stewart M, Byrnes EM. Adolescent 
opiate exposure in the female rat induces subtle alterations in maternal 
care and transgenerational effects on play behavior. Front Psychiatry. 
2011;2:29.
 13. Cicero TJ, Adams ML, Giordano A, Miller BT, O’Connor L, Nock B. Influence 
of morphine exposure during adolescence on the sexual maturation of 
male rats and the development of their offspring. J Pharmacol Exp Ther. 
1991;256:1086–93.
 14. Cicero TJ. Basic endocrine pharmacology of opioid agonist and antago-
nist. In: Furr GJA, Wakeling AE, editors. Pharmacology and clinical uses of 
inhibitors of hormone secretion and action. London: Bailiere Tindall; 1987. 
p. 518–37.
 15. Zheng T, Liu L, Aa J, Wang G, Cao B, Li M, Shi J, Wang X, Zhao C, Ron-
grongGu JZ, Xiao W, Xiaoyi Yu, Sun R, Zhou Y, Zuo Y, Zhu X. Metabolic 
phenotype of rats exposed to heroin and potential markers of heroin 
abuse. Drug Alcohol Depend. 2013;127:177–86.
 16. Abel EL. Paternal exposure to alcohol. In: Sonderegger TV, editor. Prenatal 
substance abuse: research findings and clinical implications. Baltimore: 
John Hopkins University Press; 1992. p. 1320–62.
 17. Abel EL. Rat offspring sired by males treated with alcohol. Alcohol. 
1993;10:237–42.
 18. Day J, Savani S, Krempley BD, Nguyen M, Kitlinska JB. Influence of paternal 
preconception exposures on their offspring: through epigenetics to 
phenotype. Am J Stem Cells. 2016;5(1):11–8.
 19. Aderjan RE, Skopp G. Formation and clearance of active and inactive 
metabolites of opiates in humans. Ther Drug Monit. 1998;20:561–9.
 20. Carrel DT. Paternal influences on human reproductive success. Cam-
bridge: Cambridge University Press; 2013.
 21. Albrizio M, Guaricci AC, Calamita G, Zarrilli A, Minoia P. Expression and 
immunolocalization of the mu-opioid receptor in human sperm cells. 
Fertil Steril. 2006;86:1776–9.
 22. Agirregoitia E, Peralta L, Mendoza R, Exposito A, Ereno ED, Matorras R, 
Agirregoitia N. Expression and localization of opioid receptors during the 
maturation of human oocytes. Reprod Biomed Online. 2012;24:550–7.
 23. Yohn NL, Bartolomei MS, Blendy JA. Multigenerational and transgen-
erational inheritance of drug exposure: the effects of alcohol, opiates, 
cocaine, marijuana, and nicotine. Prog Biophys Mol Biol. 2015;118:21–33.
 24. Badr FM, Badr RS. Induction of dominant lethal mutations in male mice 
nu ethyl alcohol. Nature. 1975;253:134–6.
 25. Cohen FL. Paternal contributions to birth defects. Nurs Clin North Am. 
1986;21:49–64.
 26. Narod SA, Douglas GE, Nestmann ER, Blakey DH. Human mutagens: 
evidence from paternal exposure. Environ Mol Mutagen. 1988;11:401–15.
 27. Borski AA, Pulaski EJ, Kimbrough JC, Fusillo MH. Prostatic fluid, semen, 
and prostatic tissue concentrations of major antibiotics following intrave-
nous administration. Antibiot Chemother. 1954;4:905–10.
 28. Gerber N, Lynn RK. Excretion of methadone in semen from methadone 
addicts: comparison with blood levels. Life Sci. 1976;19:787–92.
Page 10 of 10Farah Naquiah et al. Behav Brain Funct  (2016) 12:23 
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
 29. Leger RM, Swanson BN, Gerber N. The excretion of 5, 5-deiphenylhy-
dantoin in the semen of man and the rabbit: comparison with plasma 
concentrations of the drug. Proc West Pharmacol Soc. 1977;20:69–72.
 30. Yazigi RA, Odem RR, Polakoski KL. Demonstration of specific binding of 
cocaine to human spermatozoa. J Am Med Assoc. 1991;226:1956–9.
 31. Che Y, Sun H, Tan H, Peng Y, Zeng T, Ma Y. The effect of prenatal mor-
phine exposure on memory consolidation in the chick. Neurosci Lett. 
2005;380(3):300–4.
 32. Slamberova R, Schindler CJ, Pometlova M, Urkuti C, Purow-Sokol JA, Vathy 
I. Prenatal morphine exposure differentially alters learning and memory 
in male and female rats. Physiol Behav. 2001;73:93–103.
 33. Tsang D, Ng SC. Effect of antenatal exposure to opiates on the develop-
ment of opiate receptors in rat brain. Brain Res. 1980;188:199–206.
 34. Byrnes EM. Transgenerational consequences of adolescent morphine 
exposure in female rats: effects on anxiety-like behaviors and morphine 
sensitization in adult offspring. Psychopharmacology. 2005;182:537–44.
 35. Sarkaki A, Assaei R, Motamedi F, Badavi M, Pajouhi N. Effect of parental 
morphine addiction on hippocampal long-term potentiation in rats 
offspring. Behav Brain Res. 2008;186:72–7.
 36. Ahmadalipour A, Sadeghzadeh J, Vafaei AA, Bandegi AR, Mohammad-
khani R, Rashidy-Pour A. Effects of environmental enrichment on behav-
ioral deficits and alterations in hippocampal BDNF induced by prenatal 
exposure to morphine in juvenile rats. Neuroscience. 2015;305:372–83.
 37. Rylands AJ, Hinz R, Jones M, Holmes SE, Feldmann M, Brown G, McMahon 
AW, Talbot PS. Pre-and postsynaptic serotonergic differences in males 
with extreme levels of impulsive aggression without callous unemotional 
traits: a positron emission tomography study using 11 C-DASB and 11 
C-MDL100907. Biol Psychiatry. 2012;72(12):1004–11.
 38. Friedler G. Effects of limited paternal exposure to xenobiotic agents on 
the development of progeny. Neurobehav Toxicol Teratol. 1985;7:739–43.
 39. Nestler EJ. Epigenetic mechanisms of drug addiction. Neuropharmacol-
ogy. 2014;76:259–68.
 40. Mitchelmore C, Gede L. Brain derived neurotrophic factor: epigenetic 
regulation in psychiatric disorders. Brain Res. 2014;1586:162–72.
